Role of DNA repair enzymes in the cellular resistance to oxidative stress.
Oxidative stress occurs in cells when the equilibrium between prooxidant and antioxidant species is broken in favor of the prooxidant state. It is due to reactive oxygen species (ROS) generated either by the cellular metabolism such as phagocytosis, mitochondrial respiration, xenobiotic detoxification, or by exogenous factors such as ionizing radiation or chemical compounds performing red-ox reactions. Some ROS are extremely reactive and interact with all the macromolecules including lipids, nucleic acids and proteins. Cells have numerous defence systems to counteract the deleterious effects of ROS. Proteins and small molecules specifically eliminate ROS when they are formed. There are three species of superoxyde dismutases which transform the superoxyde anion O2- in hydrogen peroxyde H2O2 which in turn will be destroyed by peroxysomal catalase or by various peroxydases. There are numerous small molecules in the cell such as glutathion, alpha-tocopherol, vitamines A and C, melanine, etc. which are antioxydant molecules. ROS escaping destruction generate various lesions in DNA such as base modifications, degradation products of deoxyribose, chain breaks. These various lesions have been characterized and it is possible to quantitate them in the DNA of cells which have been irradiated or treated by free radical generating systems. The biological properties of the bases modified by ROS have been established. For example C8-hydroxyguanine (8-oxoG) is promutagenic since, if present in DNA during replication, it leads to incorporation of dAMP residues, leading to transversion mutation (GC-->TA). Purines whose imidazole ring is opened (Fapy residues) are stops for the DNA polymerase during DNA replication and are therefore potentially lethal lesions for the cell. Oxidized pyrimidines have comparable coding properties. Efficient DNA repair mechanisms remove these oxidized bases. In Escherichia coli cells, endonuclease III (NTH protein) and endonuclease VIII (NEI protein) excise many oxidized pyrimidines, whereas the FPG protein (formamidopyrimidine-DNA-glycosylase) eliminates 8-oxoG and Fapy lesions. Besides its DNA glycosylase activity, the protein FPG has a beta-lyase activity incising DNA at abasic site by a beta-delta elimination mechanism, and a dRPase activity. The FPG protein has a zinc finger motive which is mandatory for the recognition of its substrate. Mammalian cells have similar DNA repair proteins and it should be emphazized that there is conservation of the different functions and in most cases a remarquable homology of the amino acids sequences from E. coli to man.